Sensemaking, as used in this paper, and the notion of experience are related. Just as one might say that experience involves sensemaking because people always try to establish meaning in their lives, 7 one might also say that sensemaking involves experience because, without experiencing something, there is nothing to make sense of.
Dewey referred to the process of transforming an indeterminate situation into one that is determinate (or resolved) as "inquiry." 8 Schön, building on Dewey's theories, described how designers' inquiry processes take place "in action."
9 Sensemaking can be seen as the stages of inquiry in which one starts asking questions about the situation faced and initiates the process of defining the problem at hand-or in the words of Schön, in which one "frames the situation." The purpose of sensemaking for design is acquiring knowledge that enables us to develop "adequate designs."
11 However, the situation that demands sensemaking in a design project is dynamic rather than static, and knowledge of (or knowing in) a situation is always contextual and depends on experience.
12 Thus, there is no correct sensemaking and we cannot be certain that insight gained at one stage of the process still holds at a later stage. For this reason, sensemaking in design is an ongoing process. It is hermeneutical, always relying on some sort of pre-existing understanding that is used to make sense of that which is experienced, and it is updated based on that which is experienced. 13 Many terms are used to refer to such explanatory descriptions of the mind, including prejudices, schemata, mental models, and frames.
14 In this paper, I use the term "mental model."
A focus on humans' sensemaking implies a shift from viewing information as objective, and humans as input-output processors, to an approach in which "information is defined as an outcome of human constructing processes, and humans are seen as making 'sense' in response to changing and sometimes elusive conditions."
15 Design is informed both by making sense of that which already exists and by making sense of and judging that which designers create in the design process, as described by Schön through his concept of "seeing-moving-seeing." 16 As such, sensemaking in design is closely related to making judgments and decisions.
Judgments and the Appreciative System
Vickers' theory on appreciative systems offers a framework and a vocabulary that are valuable in discussing judgment-making and decision-making in design. 17 An appreciative system, according to Vickers, includes appreciative judgments and action judgments.
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These judgments depend on our appreciative setting, which builds on our experiences and includes our standards of value and what we consider an "ideal norm." Our appreciative setting is our "readinesses to see, to value, and to respond to situations in familiar ways which… excludes the power to see other possibilities" while the situations last. 19 Appreciative settings are not universal, but they can be shared by a group of people or by a society. The design community shares some norms, such as valuing the creation of novel solutions and appreciation of aesthetically pleasing products. 20 Meanwhile, other norms may be stressed in a specific domain in which designers work, such as the emphasis on safety in maritime industries, used as an example in this paper. Both the design community and the maritime domain place value on protecting human life.
Making appreciative judgments is twofold and includes what Vickers refers to as reality judgments and value judgments. Reality judgments are judgments about which facts are relevant to a current situation and help a person identify "what is the case." Such judgments involve considering hypotheses and making predictions as to what is most likely to happen. Making value judgments involves judging what is good or bad and considering "what ought to be the case." According to Vickers, reality judgments and value judgments are inseparable: "The relation between judgments of fact and of value is close and mutual; for facts are relevant only in relation to some judgment of value and judgments of value are operative only in relation to some configuration of fact." 21 Action judgments depend on the appreciative judgments; they involve judging what is possible and not possible given the situation at hand and answering the question, "What are we going to do?" Thus, action judgments lead to decisions. Vickers connects these judgments to innovation and stresses that they require imagination. Schön's concept of "repertoire"-the collection of images, ideas, examples, and actions that designers can draw on in their work-is also naturally tied to such judgments. Our appreciative setting is dynamic and it changes based on our judgment-making. In this circular process, the appreciative setting informs the judgments made, and the judgments made in turn change the appreciative setting. Checkland and Casar have summed up Vickers's appreciative system in a visual model that illustrates this circularity (see Figure 1) . 23 At the top is the flux of events and ideas unfolding through time. 24 By engaging in appreciation, we select parts of this flux (situations), about which we make judgments. These judgments form a basis for decision-making that might lead to action. Both our appreciative judgments and our actions contribute back to the flux of events and ideas. Nelson and Stolterman refer to Vickers and stress that appreciative judgments play an important role in making design judgments.
25 I argue that we also can use Vickers's theories to reflect on the role of design in a broader context, considering the products that we design as actions that contribute to the world's flux of events and ideas.
In summary, sensemaking for design, as defined in this paper, is a designer's continuous process of developing an understanding of the design situation at hand, which enables the designer to develop adequate designs. Sensemaking is contextual and depends on both the designer that makes sense of the situation and on the characteristics of the situation he or she tries to make sense of. It involves making appreciative judgments and identifying what is the case and what demands attention. Sensemaking also is linked to design decisions and involves making action judgments. In this paper, I propose a systemic model of the design situation that makes visible all the elements designers need to make sense of to grasp the full complexity of their design situations. However, before introducing the model, I present the context from which it originates.
The Ulstein Bridge Concept
The propositions put forth in this paper were developed during a three-year design research project called the Ulstein Bridge Concept, that addressed the design of the bridge of an offshore service vessel. 26 The design of a ship's bridge serves as a good example of a complex design project that makes substantial demands on the sensemaking abilities of a design team: The technical systems on a ship are advanced; the use situation on the bridge is complex, incorporating many actors and involving demanding user tasks in a high-risk setting; the industry is global, with actors from different nations and cultures; the industry is highly regulated by overlapping and sometimes contradictory regulations; and many stakeholders are involved, often with different and even competing goals. 27 The purpose of our project was to design a completely new ship's bridge by taking advantage of the possibilities offered by new technologies, while also being human-centered and using a holistic approach. This ambitious scope made additional demands on the design team's sensemaking abilities because it required us also to make sense of the new technologies and understand how they could be used as design material in the complex setting of the ship's bridge. The bridge design developed by the project is shown in Figure 2 . The project used a research by design approach in which design practice is at the core of research and in which "the explorative, generative, and innovative aspects of design are engaged and aligned in a systematic research inquiry." 28 The model presented in this paper was not developed deliberately as part of the project, but rather evolved as a consequence of our experiences throughout our work on the project. These experiences included the breadth of what influenced our design work, all the elements we needed to make sense of to make satisfactory designs, and also what we influenced through our design work beyond that which was anticipated (e.g., an increased focus on design among other industry actors). Throughout the project I kept a research diary in which I reflected on our daily work, and these reflections helped shape the model. In addition to being based on our own experiences, the model was informed by an interview study we carried out, with the purpose of understanding how designers experience working for the offshore ship industry. 29 After the project was finished, the final version of the model was developed by considering our experiences in relation to the presented theories on sensemaking and judgment-making.
A Systemic Model of the Design Situation
The systemic model of the design situation proposed in this paper (see Figure 3) offers a framework for thinking systemically and systematically about the systems by which designers are influenced and that designers themselves influence in a design process. The model does not offer a true description of the design situation; rather, it is a construct to help designers consider the situation in which they find themselves. It builds on the assumption that a "system is not something given in nature, but something defined by intelligence." 30 Anything that can be "perceived/conceived as consisting of a set of elements, of parts, that are connected to each other by at least one discriminable, distinguishing principle" can be considered a system.
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In the model, I propose that the design situation is seen as a "system of systems," 32 constituting three systems of which designers need to make sense:
• The system we design • The system we design for • The system we design within These systems can be further divided into sub-systems in a range of ways, depending on how we choose to divide them. There are no strict boundaries among the systems; they are intertwined and form a system in themselves-a system representing the full design situation, including all factors that influence the situated design work. In the following I describe what I mean by each system.
The System We Design
In engineering and industrial design, a tradition exists of viewing the product to be designed as a system. 33 The product is made up of a collection of separable elements that can be viewed as distinct units, and only when connected in the right way does the product emerge. Four wooden legs and two wooden boards are not a chair; however, they can become a chair if put together in a way that enables sitting. An engine, four wheels, a chassis, seats, and the other parts of a car are not a car until assembled in a way that makes driving possible. In computer science and software engineering, the software to be developed is also viewed as a system, and the process of developing the system is often referred to as "system design." System design is also used with regard to the design of organizations, and the design of services might also be called a type of system design. When we consider the product we design as a system, we are invited to make boundary judgments. Churchman uses the design of a family home as an example of different ways of setting boundaries. 34 An architect can choose strictly to address the design of the physical house, with its rooms and floor plans. However, the architect can also choose to consider "whether the house is not a component of a larger system, consisting of the family (or its activities) and the house. When he does ask himself this question, he may wonder whether his design task should include the design of a part of the family's activities."
35 Such considerations are particularly interesting in complex design projects, such as the design of a ship's bridge, which consists of a number of overlapping technical systems, as well as human-activity systems and social systems.
Making sense of the system we design involves making sense of the parts of the system and how they are connected. In the case of the ship's bridge, this involves making sense of the advanced technical systems on a vessel, such as the propulsion system, with its rudder and propellers, and the positioning system, including GPS and reference systems. Making sense of the system we design also includes making sense of the design material available for design. When designing the ship's bridge, we made substantial efforts to understand how new technology worked to gain the knowledge we needed to use these technologies as design materials when generating novel multi-modal interactions.
The System We Design for I use the phrase, "the system we design for," in a manner similar to the way in which "context of use" is used in human-centered design, describing "users, tasks, equipment (hardware, software, and materials), and the physical and social environments in which a product is used."
36 However, the system we design for also includes the wider context of the use situation. In the case of the ship's bridge, this context comprises the operations in which the ship is involved and the natural surroundings of those operations, including such things as topographic factors and weather conditions. The system we design for is the situation we would seek to change by creating and implementing the system we design. Making sense of the system we design for implies understanding this situation from a macro to a micro level. Sometimes we are familiar with the system for which we design and can see ourselves as representative of the users. At other times this system is unfamiliar, and substantial efforts are required to gain necessary insight. A range of methods and techniques for gaining insight into and making sense of the system we design for can be found both in design practice and the research literature. Our research asserts that field research at sea is the most valuable approach to gaining such insight when one is designing a ship's bridge. 37 However, gaining access to field sites can be difficult, and the opportunity to carry out field research depends on the system we design within.
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The System We Design Within The system we design within is the situation that shapes practitioners' ability to do a satisfactory job. This system includes industryspecific factors, such as regulations, culture, and tradition, and project-specific factors, such as the project's scope, the project's role, budgeting and resources, and the distribution of roles and responsibilities within the project. Other influencing factors, such as the education and training of the design team members, are also part of the system we design within. This system is distinct from the other two systems in the model in that designers themselves are part of this system.
Making sense of this system involves making sense of our own organization, our client's organization, and the domain in which we work. It includes considering all aspects of these organizations-the people, resources, structure, and purpose of the organization-and judging how they influence our situated work. Finally, and importantly, it involves making sense of our own role, abilities, and possibilities in this context.
Interconnections Among the Systems
The system we design, the system we design for, and the system we design within are intertwined and connected in many ways. The system we design for sets conditions for the system we design through the goals our design should support. By "goals" I mean the system's overall goals, as well as the personal goals of the human actors (users) in the system. Examples of overall goals in industrial environments, such as a ship's bridge, include safe, reliable, and efficient transportation of goods. At the team and individual levels, goals include conducting as effortlessly as possible the tasks needed to reach the overall goal. However, the human actors also have a number of other goals not directly related to operational goals. Examples include enjoying their work time, expanding their competence, and feeling pride in their work. These goals should also inform design. The system we design for consists of several systems, one of which is the system we design. That which we design needs to work well together with the other subsystems of the system we design for. Consistency among systems is particularly important in high-risk settings, in which errors can have catastrophic consequences. This necessity can present the design team with a dilemma: Is it desirable to make something new that, at least in isolation, is a better design; or, is making something familiar to users that requires less training and is consistent with existing systems a higher priority?
The system we design within both introduces limiting factors and provides possibilities with regard to the system we design; this system thus influences our ability to change the system we design for. The system we design within sets requirements through regulations and standards for the system we design. These requirements can be industry-specific, country-specific, or company-specific. They can be process-oriented, describing what kind of design process should be used or how the design should be evaluated, or they can be prescriptive, such as requirements regarding placement of equipment, definitions of what materials and technology are allowed, and specifications of symbols and colors to use in visual displays.
Further, the system we design within sets the scope for what to design, the designers' role in the project, and the project's frame. The scope is usually set by the designers' clients and is influenced by a client's role in the industry's "ecosystem," as well as by which division is responsible for the design project in the client's organization. 39 However, designers might also influence the scope by taking an active part in the framing of the project. Sometimes designers are invited to help frame projects as collaborators. 40 Other times, they go beyond the original scope set by the client with the purpose of showing what is possible. An example of the latter is when designer Kenneth Grange was hired to design the painting of the outside of British Rail's High-Speed Train, and he ended up redesigning the whole exterior of the train without informing the client. 41 The system we design influences both the system we design for and the system we design within. It influences the system we design for in that it can change the users' tasks, how the tasks are carried out, and the users' experience of conducting the tasks. The system we design can also motivate users and make them proud. When our design of the ship's bridge was made public, a deck officer wrote in an online forum, "I'd probably take a (slight) pay cut to play with those toys full time." 42 Designers are not always aware of how their work can change organizations. 43 Nevertheless, many examples illustrate how the system we design can influence the system we design within. Junginger highlights that even traditional product development projects can lead to organizational change. 44 She describes how product development is normally aimed at external change (of the system we design for) but can also be used for internal change (part of the system we design within). I argue that, through our designs, we show what is possible and introduce new ideal norms. In Vickers's words, our designs add to the flux of ideas by which all stakeholders in a design project are affected and can change everybody's appreciative settings. The next time the stakeholders judge what is possible in a design project, they might see new possibilities.
In the ship's bridge project, we did indeed see that our design changed stakeholders' appreciative settings. End-users saw that a different and better bridge was possible; our collaborative partner and its competitors became aware of the possibilities 45 When we, through our designs, influence the appreciative systems of the stakeholders of the system we design within, we might create better conditions for creating the system we design, and thus for changing the system we design for.
From Sensemaking to Design Decisions
Using this systemic model of the design situation, I suggest that design situations consist of the system we design, the system we design for, and the system we design within. Through the extended model in Figure 4 , I argue that making sense of all three systems is necessary to make design decisions that result in satisfactory solutions for the system we design, that change the system we design for in desirable ways, and also that influence the system we design within.
The model points out that our sensemaking relies on our mental models of these systems, as well as on our appreciative setting. As designers, we must make appreciative judgments and identify the facts we deem relevant to our situated work, and we must determine what those facts mean to our designs. A design team must consider what is a given-what cannot be altered-and what they can, in fact, change and thus address in their designing. Most obvious in a design project is to consider both the system we design and the system we design for. However, making sense of the system we design within is equally important if designers are to judge what designs are possible in this context and to have the insight they need to use a proactive strategy in boundary setting. Setting boundaries proactively can help designers see opportunities beyond the original design task and thus create a situation in which design can be more influential. Part of a designer's judgment-making involves deciding where to draw the line in terms of what he or she needs to make sense of. For example, if we require too deep an understanding of the technical aspects of the system we design, at some point the expertise of an engineer will be required. However, being able to come up with truly relevant designs requires a certain level of insight into technical systems; otherwise, our task might be limited to styling the product only.
Decision-making in design relies heavily on judgment-making. The final design decision involves making a choice among concrete alternatives-to make action judgments. Identifying desirable alternatives depends both on our repertoire of exemplars, which we use to generate ideas for what is possible, and on our appreciative settings, which we use to judge which of the possibilities is desirable. Through the feedback loop from design decisions to sensemaking, the model also makes visible that our sensemaking relies on the actual act of designing, as described by Schön through his concept of seeing-moving-seeing. 46 This relationship implies that starting to design without understanding the systems in full is both possible and even desirable. Weick's reference to a quote by Wallas illustrates this aspect of sensemaking quite well: "The little girl had the making of a poet in her who, being told to be sure of her meaning before she spoke, said: 'How can I know what I think till I see what I say?'" 47 
Conclusion
Through the systemic model of the design situation proposed in this paper, I argue that a design situation can be viewed as a system consisting of the system we design, the system we design for, and the system we design within. The proposed model makes visible connections among the systems of the design situation and emphasizes that developing satisfactory designs depends on an understanding of all these systems. The model also makes explicit that we can influence our framework conditions of the system we design within through the system we design.
Models can lead to action; 48 and the vocabulary introduced in the model can initiate an inquiry process and serve as a probe to identify what one needs to make sense of in a design project. The model also invites consideration of the design process as a dynamic system that must respond and react to each design situation in a flexible and adaptive manner. As we learn more about the systems we design, we might see a need for new competencies within the design team. When we learn about the system we design for and the system we design within, we might decide to expand the boundaries of the system we design and the scope of the project. By engaging such a systemic view of the design situation, we not only are able to gain a better understanding of that which influences our designing, but we also can see how, through our designs, we might have a broader influence on the world than we might have originally thought.
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